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(54) Title: IMPROVEMENTS IN OR RELATING TO CHIRAL SYNTHESES 

(57) Abstract 

Novel compounds of general formula (I) (wherein 
R represents a carbocyclic aryl group, R* represents an 
organic group, R^ represents a hydrogen atom or an organic 
group, and the asterisk denotes that the group R' is 
predominantly in the R- or S- configuration such that the 
compound is in substantially enantiomcrically pure form). 
The compounds are a useful source of chiral nucleophOes, 
e.g. undergoing stereoselective Michael addition to aj3- 
unsaturaied carboxylic acid derivatives. 
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"TmprovemPTitR in or rplatina to chiral syntheses" . 

5 This invention is concerned with new chiral lithium 

amides and their use in the synthesis of chiral .p-amino 
acids, (J- lactams and the like. 

Compounds such as (R) - and (S) -ot-methylbenzylamine 
are known to be useful starting materials in the 

10 synthesis of a range of . chiral molecules. Thus, for 

example, N-allyl derivatives thereof have been described 
in connection with stereoselective syntheses by Bailey et 
al. in Tet. Lett. 30(39) . pp. 5341-5344 (1989) and by 
Cardillo et al. in Tet. 47(12/13) , pp. 2263-2272 (1991) . 

15 The present invention is based on our finding that 

lithio derivatives of such substantially enantiomerically 
pure N-allylated a-methylbenzylamines and analogues 
thereof are particularly .^useful reagents . acting , as _ 
sources of chiral nucleophiles . 

20 Thus according to one aspect of the invention there 

are provided compounds of general formula (I) 



25 




( I ) 



L I 



(wherein R represents a carbocyclic aryl group, R^ 
30 represents an organic group, R^ represents a hydrogen atom 
or an organic group, and the asterisk denotes that the 
group R^ is predominantly in the R- or S- configuration 
such that the compound (I) is in substantially 
enantiomerically pure form) . 
35 The term substantially enantiomerically pure as used 

herein denotes compounds containing at least 80%, 
advantageously at least 90%, and preferably at least 95% 
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of the desired enantiomer. 

Carbocyclic aryl groups R may, for example, contain 
6-2 0 carbon atoms,, e.g. as in phenyl or naphthyl, and may 
if desired be substituted, for example by one or more of 
5 halo (e.g. chloro, bromo or iodo) , hydroxy, lower (e.g. 
C1.4) alkoxy (e.g. methoxy or ethoxy) , lower alkylthio 
(e.g. methylthio) , lower alkylsulphonyl (e.g. 
methylsulphonyl) , amino, substituted amino (e.g. mono- or 
di- (lower alkyl) amino such as methylamino or 

10 dimethylamino) , carboxy, cyano, lower alkoxycarbonyl 
(e.g. methoxycarbonyl) ,. carbamoyloxy , sulphamoyl and 
sulphoxy: Preferred R groups include phenyl and 3,4- 
dimethoxyphenyl . 

The group R^ can be selected from a wide range of 

15 organic groupings, including, for example, aliphatic, 

cycloaliphatic and araliphatic groups, e.g. containing up 
to 20 carbon atoms and optionally carrying one or more 
substituent&. w R^^may. thus,- for example, represent a group 
selected from Ci.io alkyl such as methyl or ethyl; C2.10 

20 alkenyl such as vinyl or propenyl; C^.^o cycloalkyl such 

as cyclopentyl or cyclohexyl; C3.10 cycloalkyl - C^.^ alkyl 
such as cyclopentylmethyl; Cg.ij ^ryl - 'C1-4 alkyl such as 
benzyl; and substituted versions of any of the preceding 
groups, e.g. carrying substituents as described above for 

25 - R. 

One preferred class of compounds (I), by virtue of 
ease of availability of starting materials therefor, are 
those in which R represents optionally substituted phenyl 
and R^ represents methyl. 

30 Where R^ in formula (I) represents an organic group 

this may, for example, be a lower alkyl group containing 
1-10, e.g. 1-6 carbon atoms, as in methyl, ethyl, propyl 
and butyl groups; a lower (e.g. Cj. 10) alkenyl group such 
as vinyl; a carbocyclic aryl group, e.g. containing 6-20 

35 carbon atoms, such as phenyl or naphthyl; or a 

heterocyclic group, e.g. having one or more 5- and/or 6- 
membered rings and containing one or more heteroatoms 
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10 



20 



30 



selected from 0, N and S as in, for example, furyl, 
thienyl, pyrrolyl, pyridyl, benzotliienyl. indolyl, ■ 
imidazolidinyl or piperidinyl. 

As noted above, compounds (I) according to the 
invention are a useful source of chiral nucleophiles, 
capable of undertaking highly stereoselective reactions , 
Thus, for example, they may undergo Michael addition to 
a, p-unsaturated carboxylic acid derivatives such as 
esters, thioesters, amides,, thioamides and 
oxazolidinones, with high diastereoselectivity, e.g. as 
represented by the following sequences in the case of 
addition to an a, p-unsaturated ester: 



0 

1 ■s-**^ 



L I 
(la) 



(Ma) 



and 



25 r' 



1 ■ , R ^ r'^n'' o 



L I 



(lb) 



r'^^ or 
(Mb) 



(where R. R^and R^ are as hereinbefore defined; R^ 
represents an organic group; R^ represents an esterifying 
group such as a lower alkyl or aralkyl group; and R^ 
35 represents a hydrogen atom or an organic group), 

m the above formulae R^ may, for example, be an 
organic group as hereinbefore described for R, R^ or R^ 
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10 



15 



20 



25 



30 



and may if desired be substituted, e.g. by one or more 
functional groups such as protected hydroxyl, amino or- 
carboxaldehyde . 

The esterifying group in the starting a,p- 
unsaturated ester is preferably chosen to be relatively 
bulky, e.g. being a l£iJ:-butyl group, in order to 
minimise competing 1,2 -addition of the chiral nucleophile 
to the carbon atom of the ester carbonyl group. 

Where represents an organic .group this may, for 
example, be as described for any of R, R^, R^ and R^. 

It will be appreciated that such. Michael additions 
proceed through an enolate intermediate. This may, if 
desired, be trapped by reaction with an electrophile, for 
example an alkyl halide, an aldehyde, an-imine, a Michael 
acceptor, or an oxygen electrophile (e.g. molecular 
oxygen, an epoxide or an oxaziridine - use of such 
reagents may, for example, permit stereospecif ic 
hydroxylation 'Of the carbon atom a- to the ester 
grouping) . 

Reaction sequences of the above types and the 
products thereof, e.g. compounds of formulae (Ila) and 
(lib) are novel and represent further features of the 
invention. 

The allylic N-substituent R^ .CH:CH.CH2- in . compounds 
of formulae (Ila) and (lib) may readily and selectively 
be removed, e.g. under mildly reductive conditions, for 
example using an agent such as tris ( triphenylphosphine) - 
rhodium (I) chloride in a solvent such as aqueous 
acetonitrile, and the resulting secondary amine may be 
subjected to p- lactam formation, e.g. .according to the 
sequence 



R^NH O 




OR 



A 




(Ilia) 



( I V a ) 
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or 



10 



R R 
X X 0 

R NH O R N-f 

( 

( I I I b) { ' Vb) 



It may be advantageous to subject the secondary 
amine (Ilia) or (Illb) to transesterif ication prior to p- 
lactam formation, e.g. using techniques standard in the 
art, such as acid- catalysed transesterif ication, in order 

15 to introduce a less labile esterifying group R*' which 
will enhance elimination of the -OR** moiety; , 
representative esterifying groups for this purpose 
include, for example, methyl and ethyl ^ 

Cyclisation of a compound (Ilia) or (Illb) to form 

20 the desired p-lactam (IVa) or (IVb) may be effected using 
any convenient cyclisation agent, for example an 
appropriate organometallic compound, e.g. a Grignard 
reagent such as methyl magnesium bromide. Such reactions 
may conveniently be effected in an aprotic organic 

25 solvent, for example an ether such as diethyl ether. 

N-allyl compounds (Ila) and (lib) prepared as 
described above may also be cyclised in accordance with 
the invention, e.g. using methods generally known in the 
art, for example to generaite 5- and 6-membered 

30 heterocycles . 

The preparation of p- lactams of formulae (IVa) and 
(IVb) by the above-described processes is novel and 
represents a further feature of the present invention. 
Compounds of formula (I) in accordance with the 

35 invention may conveniently be prepared from a 
corresponding amine of formula (V) 
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( V ) 



(where R, R^ and the asterisk are as hereinbefore 
defined), e.g. by reaction with a lithium alkyl such as 
n-butyllithium, for example in a cyclic ether solvent 

10 such as tetrahydrofuran at -a temperature of less than 
O'C, conveniently at about -78"C. The thus-formed 
compound, (I) may advantageously be used in sitlA without 
being isolated. 

Starting materials of formula (V) may themselves be 

15 prepared by, for example, converting an amine of formula 
(VI)' 



20 




1 ) 



(where R, R^ and the asterisk are as hereinbefore defined) 
25 to a corresponding lithium amide, e.g. by reaction with a 
lithium alkyl as described above, and reacting this with 
an allyl derivative of formula (VII) 




(where R^ is as hereinbefore defined and X represents a 
halogen atom such as bromine) e.g. using as solvent an 
35 alcohol such as methanol. 

The following non-limitative examples serve to 
illustrate the invention. 
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Preparation of ptartino ih aterials . 

Preparaticn 1 

5 (S) -N-Allvl-Of-Tnethvlbenzylamine (7) 

A solution of (S) -ot-methylbenzylamine (1) (10. Og, 82.5 
mmol) in anhydrous tetrahydrofuran (100 ml) was cooled to 
O^C and 1.6 M butyllithium ' (61 ml, 90.8 mmol) was added 

10 dropwise via a syringe. The resulting orange lithium 

amide solution was stirred for 30 minutes at 0°C,. after 
which allyl bromide (7.2 ml, 99.0 ml) was added. The 
reaction mixture was stirred for a futher 4 hours at 0°C 
and then quenched with methanol. The solvent was removed 

15 under reduced pressure to afford an orange residue. This 
was diluted with ethyl acetate (100 ml) and washed with 
saturated sodium bicarbonate (2 x 50 ml), water (50 ml) 
and brine (50 ml) , 'dried (magnesium sulphate) and 
filtered, and the solvent was evaporated under reduced 

20 pressure. Purification of the residue by silica gel 
chromatograpy [ethyl acetate/petroleum ether (1:4); 
RfO.25] afforded the mono-allylated amine as an orange- 
oil. Distillation [llO'^C, 20 mmHg] gave the title 
CQTnpPUnd (2) as a colourless oil (8.6,g, 65%). . [oc]^^^ 

25 -6.3 .2 (c 1.36, CHCI3) ; ^*max (CHCI3) /cm'^ 1643 m (C=C) ; Sr 

(300MH2; CDCI3) 7.42-7.22 (5H, m, Ph) , 5.93 (IH, ddt, J = 
17.2, 10.2 and 6.0, CH^CHj) , 5.16 (IH, dd, J = 17.2 and 
1.5, ixsns CH=CH2), 5.10 (IH, d, J = 10.2, -ilia CH=Cfi2) , 
3.83 (IH, q, J = 6.6,. PhCflCHa) , 3.13 (2H, d, J = 6.1, 

30 NCH2) / 1-40 (3H, d, J = 6.6, PhCHCHs) ; 5c (50 MHz; CDCI3) 

145.80 (PhrCipeo), 137.26 Ci:H=C::H2) , 128.67, 126.85 . - 

(PhcCertho.Qneta) I 127.14 (PhrCp^^), 115,84 (CH=£H2), 57.56 
■ PhCHCHa) ,50.24 (N^Hs) , 24.23 (PhCHCHj) ; m/z (CI) 162 (MH+, 
100%), 146 (50), 105 (12j, 58 (20); (Found: C, 82.07 ; H, 

35 9.11; N, 8.99. CnHisN requires C, 81.94; H,9.38; N, 
8.69%). 

SUBSTITUTE SHEET (BULE 26) 
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Prpparation 2 

fS) - (E.P.) . -ff-TrtPthylbenzylamine (3) 

5 To a solution of (S) -a-methylbenzylamine (1) (l.OOg, 8.25 
mmol) in ethanol (2 0 ml) was added 2 , 4-hexadienal (0,833 
g, 8.66 mmol) and the resulting mixture was refluxed for 
1 hour. The solution was cooled to 0°C and sodium 
borohydride (0.468g, 12,38 mmol) was slowly added in 

10 portions. This solution was allowed slowly to warm to 
room temperature overnight (16 hours) after which the 
ethanol was removed under reduced pressure and the 
residue dissolved in ethyl acetate' (50 ml) . This 
solution was washed with brine (30 ml) , dried (magnesium 

15 sulphate), filtered and evaporated to give an orange oil. 
This was purified by flash chromatograpy on silica. gel 
[ethyl acetate/petroleum ether (1:4)], followed by 
distillation under reduced pressure- M30«*C, 1 mmHg] to 
afford the title compound (3) as a colourless oil (1.51 

20 g, 91%). 5h (300 MHz; CDCI3) 7,37-7.21 (5H, m, Ph) , 6.08 
(2H, m, CH=CH-CH=CH) , 5.63 (2H, m, CH=CH-CH=CH) , 3.80 
(IH, g, J = 6.6, PhCHCHs), 3.10 (2H, d, J = 6.5, NCH2) , 
1.74 (3H, -d, J = 6.8, CH=CHCH3) , 1.49 (IH, br s, m) , 1-36 
(3H, d, J=6. 8, PhCHCHa) • 

25 

Preparation 3 

(^) -N-cinnamvl-g-mer-hvlbenzvlamine (4) 

30 To a solution of (S) -a-methylbenzylamine (1) (0.500 g, 
4.13 mmol) in toluene (20 ml) were added N- 
ethlydiisopropylamine (0.719 ml, 4.13 mmmol) and cinnamyl 
chloride (0.575 ml, 4.13 mmol). The mixture was refluxed 
overnight, after which the toluene was removed under 

35 reduced pressure. The residue was partitioned between 
ethyl acetate (50 ml) and saturated sodium bicarbonate 
solution (30 ml) and the organic layer was washed with 

SUBStlTOTE SHKT (RULE 26) 
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brine (30 ml) , dried {magnesium suphate) and removed 
under reduced pressure to afford a yellow oil. This was 
purified by flash chromatograpy on silica gel [ethyl 
acetate/petroleum ether (1:4) to give the title compound 
5 (4) as a colourless oil (0.456 g, 47%). 5h (200 MHz; 
CDCI3) 7.41-7.20 (lOH, m, Ph) , 6.50 (IH, d, J = 15.9, 
PhCfi=CH) , 6.30 (IH, dt, J ='15.9 and 6.1, PhCH=CIi) , 3.88 
(IH, q, J = 6.6, PhCHCHa), 3.29 (2H, d, J = 6.5, NCH2) , 
1.56 (IH, br s, NH), 1.42 (3H, d, J = 6.8, PhCHCHs) - 

■ 10 

Formation and rpartjon of chiral lithiu m amides 

Example 1 

15 r3S.ttS) -t -Butyl ? - (N-allvl -ff-methy lbenzylamino) butanoate 

A solution of (S) -N-allyl-a-methylbenzylamine' (2)^ (0.75 
mmol) in anhydrous tetrahydrof uran (5 ml) was cooled to 

20 -78*'C and 1.6 M butyllithium (0.60 mmol) was added 

dropwise via a sy.ringe. The resulting pink lithium amide 
solution was stirred for 1 hour at -78*»C,-. ..The Michael 
acceptor t-butyl crotonate (5) (0.50 mmol) was then 
slowly added, dropwise, as a solution in anhydrous 

25 tetrahydrof uran (2 ml) via a cannula and stirring was 

continued at -78**C for a further 1 hour. The reaction was 
quenched by the addition of saturated aqueous ammonium 
chloride. The solvent was evaporated under reduced 
pressure and the residue was diluted with ethyl acetate 

30 (30 ml) and washed with water (30 ml) and brine (3 0 ml) , 
dried (magnesium suphate) and filtered, and the solvent 
was evaporated under reduced pressure to afford a clear 
oil. This material was then subjected to flash 
chromatography on silica gel, to yield the title compound 

35 (6). [alc^i +16.9(c 1.80, CHCI3) ; (CHCI3) /cm'^ 1729s 

(C=0), 1641m (C=C) ; 5h (300K;Hz; CDCI3) 7.39-7.18 (5H, m, 
Ph), 5.84 (IH, m, CH=CH2), 5.14 (IH, ddd, J = 17.2, 3.5 

SUBSTITUTE SHEET (RULE 26) 
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and 1.7, trans CH=Cfl2) . 5.01 (IH, ddd, J = 10.1, 3.3 and 
1.6, £±R CU=CR2) i 3.95 (IH, q, J =,6.8, PhCflCHa) , 3,47 
(2H, m, NCH2) 3.16 (IH, m NCHCHj) , 2.32, 2.09 (2H, ABX 
system, J^b = 14.3, J^x = 6.1, J^x = 8.3 CH2CO) , 1.42 {9H; 
5 s, (CH3)3C) , ■ 1.39 (3H, d, J ='6,8, PhCHCHs) , 1.05 {3H, d, 
J = 6.7, CH3CHCH2) ; 5c (50MHz; CDCI3) 172.20 (£=0), 145.45 
(Ph:Cipeo)/ 139.55 (CH^CHj) , 128.23, 127.76 
(Ph:Cortho.C„>eta) . (Ph:C), 126.75 (PhrCpa^a) / 115!35 
(CH=£H2), 79.86 (£(^3)3), 58.06, 50.67 (£HN) , 48.86 
10 (NCHj) , 41.20 (£H2C0j , 27.98 (£(^3)3), 19,58, 17.16 

(NCH£H3) ; m/z (CI) 304 (MH^ 100%), 248 (12), 188 (30) , 
142 (25), 105 '(22), 84 (32); (Found: C, 75.03; H, 9.89; 
N, 4.87. C19H29NO2 requires C, 75.21; H,9.63; N, 4.62%). 

15 Exan^ple 2 

(3R.aS) -t-Butvl 3- (N-allvl-of-Tnethvlbenzvlamino) 

phenylpropionate (8) - . - . 

20 The title compound (8) was obtained by repeating the 

process of Example 1 using t -butyl cinnamate (7) as the 
Michael acceptor. [of]D^^ -2.1 (c 3,24, CHCI3) ; v^^^x 
(CHCI3) /cm-i 1730s (C=0), 1641m (C=C) ; 5h (300 MHz; CDCI3) 
7.43-7.19 (lOH, m, Ph) , 5.81 (IH, m, CH=CH2) , 5.15 (IH, 

25 ddd, J = 17.2, 3.5 and 1.6, trans CH=Cfl2) , 5.04 '(IH, ddd, 
J = 10.2, 3.1 and 1.4,\ci£ CH=CH2) / 4.45 (IH, dd, PhCHCHs) , 
4.04 (IH, q, J = 6.7, PhCHCHa) , 3.16 (2H, m,Nqa2) , 2.78, 
2.60 (2H, ABX system, = 14.7, J^x = €.2, Jgx =8.9 

Ca2C0) , 1.30 (9H, s, (CH3)3C), 1.17 (3H, d, J = 6.8, 

30 PhCHCH3) , 5c (50MHz; CDCI3) 171.59 (£=0), 145,20, 141.92 

(Ph:Cipeo)i 139.23 (£H=CH2) , 128.39, 128.29, 128.06, 127.80. 
(Ph:Cortho.C;neta) / 127.31, 126.81 (PhrCpa^J, 115.90 
(CH=£H2), 80'.23 (£(CH3)3), 59 .19, 56'.21 (£HN) , 49.76 
(N£H2), 39.17 (£H2C0) , 27.84 (C (£H3) 3 , J,16 . 35 (NCH£H3) , m/z 

35 (CI) 366{MH\ 100%), 310 (8), 250 (15), 160 (35), 146 
(30), 105 (25); (Found: C, 78.77; H, 8.81; N, 3.-62. 
C24H31NO2 requires C, 78.87; H,8.55; N, 3*. 83%). 
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(3R. OfS) -t-Butvl 3- (N-allvl-a--methvlbenzvlamino) pfinRnnj^t^f^ 
(IQ) 

5 

The title compound (10) was obtained by repeating the 
process of Example 1 using t-butyl 2-.pentenoate (9) as 
the Michael acceptor, [alp^i +18.5 (c 1.88, CHCI3) ; 
(CHCl3)/cm-i 1729s (C=0) , 1641m {C=C) ; 6h (300 MHz; CDCla) 

10 7.36-7.18 {5H, m, Ph') , 5.86 (IHy m, CH=CH2) , 5.19 (IH,. 

ddd, J = 17.2, 3.5 and 1.8, trans CH=CH2) , 5.12 (IH, ddd, 
J = 10.2, 3.2 and 1.7, s±S. CH=CH2) , 3 . 94 (IH, q, J = 6 . 9 , 
PhCiiCHa), 3.20 (IH, m, CH3CH2CH) , 3.15 (2H, m,NCH2), 2. 03-, 
1.96 (2H, ABX system, J^b = 14.5, J^x = 5.2, Jgx = 8.3, 

15 CH2=C0), 1.41 (9H, s, (023)3), 1.40 {3H, d, J = 6.9, 
PhCHCHs), 1.40 (2H, m, CH3CH2) / 0.92 (3H, t, J = 7.3, 
CH3CH2) ; 5c {50 MHz; CDCI3) 172.65 (£=0) , 144.61 (PhrCipe^), 
139.60 (CH=CH2), 128.24, 127.91 IVhiC^^^i^o, C;^^)r 
(PhrCpara). 115.35 (CH^CH^), 79.82 (£(^3)3), 58.28, 56,32 

20 (£HN) , 48.74 (N^Ha) , 37.87 (CHjCO) , 27.95 (C (£113)3), 25.67 
(CHsCHs), 20.66 (NCHCH3) , 11.60 (£H3CH2) ; m/z (CI) 318 
(MH-^, 100%), 288 (8), 262 (10), 202 (12) , -.105 (15) ; (Found : 
C, 75.88; H, 9.71; N, 4.42. C20H31NO2 requires C, 75.67; H, 
9.84; N, 4.41%) . 

25 " 

Example 4 

I ' 

f3R.CfS) -t-Butyi 3- (N- allyl-of-methvlbenzylaminn) -4- 
. hexenoatp (12) 
30 . 

The title compound (12) was obtained by repeating the 
process of Example 1 using t-butyl sorbate (11) as the 
Michael acceptor. [cxJd^i +2.7 (c 1.67, CHCI3) ; 
(CHCl3)/CM"i 1729s (C=OJ^, 1656m (C=C) , 1644m (C=C) ; 5h 
35 (300 MHz; CDCI3) 7.39-7,18 (5H, m, Ph) , 5.79 (IH, m, 

CH^CHj) , 5.51 (2H, m, CH3CH=CH) , 5.08 (IH, ddd, J = 17,2, . 
3.4 and 1.7, trans CH=CH2) 1 5.00 (IH, ddd, J = 10.1, 3.1 

SUBSTITUTE SHEET (RULE 26) 

BNSDOCID:<W0 9518l34AlJ_: 



wo 95/18134 



- 18 - 



PCT/GB94/02827. 



and 1.5, £i£ CH=CH2) . 4.01 (IH, q, J = 6.8, PhCHCHs) , 3 . 83 
(IH, m, CHCH2CO) , 3.13 (2H, m, NCfij),, 2.42, 2.27 (2H, ABX 
system, = 14.2, J^c = 6.5, Jbx = 8.4, CHjCO) , 1.71 (3H, 
d, J = 5.0, CS3C=C), 1.41 (9H, s, (CH3)3C), 1.38 {3H, d, J 
5 = 6.8, PhCHCHs) ; 5c (50 MHz; CDCI3) 171.66 (£=0), 145.50 
(Ph:Cipeo). 139.19 (£H=CH2), 130.93 (CH3C=£) , 128.16, 
127.80 {Ph:C„tho/ C;neta)» 126.99, 126.67 (Ph:Cpara. eH3C=C) , 
115.54 {CH=£H2), 79.94 (£(^3)3), 57.22, 57.07 (£HN) , 
49.62 {N£H2) , 39.83 (£H2C0) , 27.97 (C(£H3)3), 18.36, 17.84 
10 (£H3C=C, NCH£H3.) ; m/z (CI) 330 (MH*, 100%), 274 (10), 214 
(35) , 110 (25) . 

Example 5 

15 f:^R.aS1 -r-Rnt.yl fW-allv] -fY-mPthv1hPn^vlamino) -3- ffur-?- 

yl) -propionfltfi (14) 

The title compouna (14) ' was obtained by repeating the 
process of Example 'l using t-butyl 3- (fur-2-yl)propenoate 

'20 (13) as the Michael acceptor, (CHCl3)/cm-i 1729s 

(C=0) , 1641m (C=C) ; 5h (300 MHz; CDCI3) 7.41-7.18 (6H, m, 
Ph, OCH=CH) , 6.35- (IH, dd> J = 1.9 and 3;2, OCH=Cfi) , 6.14 
(IH, d, J = 3.2, OC=CH), 5.69 (IH, m,CH=CH2), 5.10 (IH, 
dd, J = 17.2 and 1.6, trans CH=CH2) , 5.04 (IH, dd, J = 

25 10.2 and 1.6, sds. CH=CH2)-, 4 . 60 (IH, t, J = 7.6, NCHCHj) , 
4.08 (IH, q, J = 6.8,PhCHCH3) , 3.14 (2H, m,NCH2) , 2.78, 
2.69 r2H, ABX system, = 15.0, = 8.0, Jbx = 7.4, 

CH2=C0), 1.42 (9H, s, (CH3)3), 1-10 (3H, d, J = 
6.8,PhCHCE3) ; 5^ (50 MHz; CDCI3) 170.98 (£=0), 155.32 

30 (0£=CH) , 145.64 (Ph:Cip„). 141.59 {OCR), 138.30 (£H=CH2) , 
128.20, 127.76 (Ph: Cortho* C„eta) . 126.68 (Ph:Cpara) . 116.42,.. 
(CH=£Hj), 110.32 (OCH=£H) , 107.16 (OCH=£H) , 80.38 
(£(CH3)3), 56.29, 51.86 (£HN),- 50.09 (N£H2) , 38.41 
(£H2C0), 27.96 (0(^3)3), 16.91 (NCH£H3) ; m/z (CI) 356 

35 (MH*, 100%), 300' (10), 240 (20), 194 (10), 160 (25). 
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E?:ample 6 - • , ' 

(3R. ofg) -t-Butvl fN-allvl-of-methylbenzylaTnino) -4- 
met hylppntanoatp (16) 

5 

The title cnmpound (16) was obtained by repeating the 
process of Example 1 using t-butyl 4-Tnethyl-2-pentenoate 

(15) as the Michael acceptor. [a]^^^ +52.7 (c 1.85, 
CHCI3) ; (CHCl3)/cm"i 1729s (C=0) , I641w (C=C} ; 5h 

10 (300MH2; CDCI3) 7.34-7.20 (5H, tn, Ph) , 5.87 (IH, m, 
CH=CH2) / 5.23' (IH, .ddd, J = 17.2, 3.2 and 1.8, tz^ns. 
CH=CH2) , 4.88 (IH, dd, J = 10.1 and 1.0, Slls. CH^CHj) , 3.91 

(IH, q, J = 7.0, PhCHCHs), 3.15' (IH, m, CHCHjCO) , 3.10 

(2H,Tn,NCii2) r 1.97, 1.87 (2H, ABX system, Jab ' = 16.0, J^x = 
15 8.3,' Jbx = 3.2, CH2CO) , 1.63 (IH, m, (CH3) jCH) / 1 .42 (3H, 
d, J F 7,0, PhCHCHs), 1-41 (9H, s, (CH3)3C), 1.00 (3H, d, 
J = 6.6, {CH3)2CH), 0.83 (3H, d, (CH3)2CH); 5c (50 MHz ; 
CDCI3) 172.86 (£=0)1, 143.52, (Ph : Cip^o) 1 139 .'43 (£H=CH2) ,^ ■ ' 
128.20, 128.12 (PhtCortho.Qneta) . 126.92, (Ph:Cp^^), 115.46 
20 (CH=£H2), 79.82 (£(^3)3), 58.97, 58.42 (£HN) , 49.59 

(N£H2), 36.34 (£H2C0), 32.85 (CH3)2£H), 27.89 (C(£H3)3), 
20.83, 20.51 ,( (£H3)2 CH) , 19.59 (NCH£H3) ; m/z (CI) 322 

(MH^ 100%), 288 (30), 232 (15), 128 (22) , 105 (25); 

(Found: C, 76.12; H, 10.36. C2aH33N02 requires C, 76.09; 
25 H, 10.03%) . 

S^cample 7 

f35.a51 -t-Butvl 2- (N- allvl -nf-methvlbenzvlamino) -4- 
30 pheny Ibu tanoate (18) 

The procedure of Example 1 was repeated using (S)-N- 
allyl-a-methylbenzylamine (2) (0.750g, 4.7mmol), 1.6M 
butyllithium (2.52 ml, 4.0 mmol) and t-butyl 4-phenyl-2- 
35 butenoate (17) (0.678g, 3.1 mmol) as the Michael 

acceptor. Flash chromatography on silica gel [ethyl 
acetate/petroleum ether (1:49)] afforded the title 
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compound (Rf 0.20) as a colourless oil {0.968g, 82%). 5h 
(300 MHz; CDCI3) 7.40-7.15 (5H, m, Ph) 5.96-5.82 (IH/m, 
NCK2CH=CH2), 5.19 (IH, dd, J = 17.3 and 1.3, trans 
CH=CH2) , 5.09 (IH, dd, J = 10.1 and 1.3, £±2, CH=:CH2) / 3.95 
' 5 (IH, q, J = 6.7, PhCHCHa), 3.67-3.56 (IH, m, PhCH^CH) , 

3.38-3.13 (2H, m, NCH2) / 2.77 (IH, dd, J = 14.7 and 7.1, 
CH2CO2) , 2.55 (IH, dd, J = 14.7 and 6.0, CH2CO2) , • 2 . 08 
(2H, d, J 7.1, PhCHs), 1-42 (9H, s, (Cfl3)3C), 1.20 (3H, 
d, J = 6.7, PhCHCfls) . 

10 

f3R.ofS) -t-Butvl 3- (N-allvl-Of-methvlbenzvlaTnino) -5-TDhPnyl- 

4- pentenoate (2Q) 

15 

The procedure of Example' 1 was repeated using (S)-N- 
allyl-a-methylbenzylamine (2) (0.840g, 5.22 mmol), 1.6M 
butyl lithium (2 ; 16~ml-;'" 4 .-17 mmol) and t- butyl 5-phenyl- 
(E,E) -pentadienoate {19). (0.800g, 3.48 mmol) as the 

2 0 Michael accetor. Flash chromatography on silica gel 

[ethyl acetate/petroleum ether (1:19)] afforded the title 
compound (20) as a colourless oil (1 . 33g, . 98%) . 5h (200 
MHz; CDCI3) 7.48-7.21 (lOH, m, Ph) , 6.48 (IH, d, J = 16.0, 
PhCH=CH) , 6.25 (IH, dd, J = 16.0 and 7.4, PhCH=Cii) , 5.85 

25 (IH, m, NCH2CIi=CH2) , 5.15 (IH, app. dd, J = 17.3 and 1.6,. 
trans NCH2CH=CH) , 5.07 (IH, app. dd, J = 10.3 and 1.5, ILLS 
NCH2CH=CIi2) r 4.09 (2H, m, PhCHCHs and PhCH=CHCH) , 3.22 
(2H, d, J = 6.1, NCIi2) / 2.56 (IH, dd, J = 14.3 and 6.6, 
CH2CO2) , 2.42 (IH, dd, J = 14.3 and 8.2, CHjCOj) , 1.43 

30 (3H, m, PhCHCHa), 1.42 (9H, S, (0113)3^). 

The same diastereoisomer (20) was obtained when t-butyl 

5 - phenyl (Z, E) -pentadienoate (21) was used as the Michael 
acceptor. 

35 
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Ry ample 9 

, phpnvlTDror>ionate (22) 
5 

(S) -N-cinnamyl-a-methylbenzylamine (4) (O.lOOg, 0.42 
mmol) , 1.6M butyllithium (0.242 ml, 0.39 mmol) and t- 
butyl cinnamate (7) (0.072g, 0.35 mmol) were reacted 
according to the procedure of Example 1. Flash 

10 chromatography of the product on silica gel [ethyl 
acetate/petroleum ether (1:49)]. afforded the tit l e 
rnmpound (Rf 0.3) as a colourless oil (0.145g, 78%). 5h 
(300 MHz; CDCI3) 7.50-7,18 {15H, m, Ph) , 6.42 (IH, d, J = 
16.0, PhCH=CH), 6.11 (IH, dt, J = 16.0 and 6.2, CH=CHPh) , 

15 4.53 (IH, dd, J = 8.7 and 6.4, PhCHCHj) , 4.07 (IH, q, J = 
6.7, PhCHCHa), 3.32 {2H, . dd, J = 6.2 and 1.1, NCH2), 2.83 
(IH, dd, J = 14.6 and 6.4, CH2CO2) , 2.62 (IH, dd, J = 14.6 

and 8.7, CH2CO2) , 1.31 (9H, s, (CHajsC), 1.27 -(3H,^-d, J = 

6.7, PhCHCHa) . 

20 

Example 10 

Tnpthvlbe n7yl amino) -4-heypnoate (23) 

25 

(S) " (E, E) -N-Hexa-2, 4-dienyl-a-methylben2ylamine (3) 
(O.SOOg, 2.49 mmol), 1 . 6M butyllithium (1.35 ml, 2.16 
mmol) and t -butyl sorbate (11) (0.279g, 1.66 mmol) were 
reacted according the procedure of Example 1. . Flash 

3 0 chromatography of the product on silica gel [ethyl 
acetate/petroleum ether (1:19)] afforded the titJLfi 
rnmpound as a colourless oil (0.791g, 72%). 5h (200 MHz; 
. CDCI3) 7.39-7.18 .(5H, m, Ph) , 6.12-5.93 (2H, m, CH=CH- 
CH=CH) , 5.69-5.41 (4H, m, CH3CH=CH and CH=CH-CH=CH) , 4.0 

35 (IH, q, J = 6.8, PhCHCHs) , 3. 87-3. -75 (IH, m, CH3CH=CHCH) , 
! 3.21-3.09 (2H, m, NCH2) . 2.40 (IH, dd, J-= 14.1 and 6.4, . 

CH2C:02), 2.25 (IH, dd, J = 14.1 and 8.5, CH2-CO2) , 1.76- 
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. 1.71 (SH, m, CHaCH^CHCH and CH=CHCH3) , 1-41 (9H, s, 
(Cil3)3C), 1.37 (3H, J = 6.7, PhCHCHs) - 

I 

E?:aTnple 11 

5 , . . 

(35. gR) -t-Butvl 3- (N-allvl-of-methvlbenzvlaTTiiTin) -4- 
' pentenoate (26) 

■i , 

A solution of (R) -N-allyl-a-methylbenzylamine (24) 

10 (1.78g, 11,1 mmol) in anhydrous tetrahydrofuran (20 ml) 
was cooled to -78*=*C and 1.6M butyllithium (6.00 ml, 9.5 
mmol) was added dropwise via a syringe. The resulting 
orange lithium amide solution was stirred at -7 8°C for 1 
hour. A solution of \t -butyl pentadienoate (25) (1.137g, 

15 7.4 mmol) in anhydrous tetrahydrofuran (15 ml) was then 
added via a cannula and the solution was stirred for a 
further 1 hour. The reaction was quenched by the 
addition .oZ saturated aqueous- ammonium- chloride solution 
and the solution was allowed to warm to room temperature. 

20 Ethyl acetate (50 ml) was added, . followed by brine (10 
ml) . The. organic layer was separated, dried (magnesium 
sulphate) and filtered and the solvent evaporated, under 
reduced pressure to afford a pale yellow oil. This was 
purified by flash chromatography on silica gel [ethyl 

25 acetate/petroleum ether (1:49)] to afford the title 

compound (Rf 0.25) as a colourless oil (1.97g, 85%)'. 5h 
(300 MHz; CDCI3) 7.40-7.19 (5H, m, Ph) , 5.94-5.74 (2H, m, 
CH2=CHCH and NCH2CH=CH2) , 5.16-5.00 {4H, m, CHa^CHCH and 
NCH2CH=CH2), 4.02 (IH, q, J = 6.8, PhCHCHs) , 3.90 (IH, 

30 app. q, J = 7.1, NCHCHj) , 3.15 {2H, d, J = 6.1, 

NCH2CH=CH2) , 2.41 (IH, dd, J = 6.4 and 14.5, CH2CO2) , 2.31 
(IH, dd, J. = 14.5 and 8.3, CH2CO2) , 1.42 (9H, s, (033)30), 
1.39 (3H, d, J = 6.8, PhCHCHa) . 
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■ SKBTTiple 12. 

(25. 35. ofS) ^t-Butvl 3- fN-allvl -Of-Tneth vlbenzvlamino) -7- 

hydroxy- 3 -phenylpropionate ( 27 ) 

5 

A solution of (S) -N-allyl-of-methylbenzylamine (2) (1.94g, 
12.1 mmol) in anhydrous tetrahydrofuran (25 ml) was 
cooled to -78^C and 1.6M butyl lithium (6.03 ml, 9.6 mmol) 
was added dropwise via a syringe. The resulting orange 

10 lithium amide solution was stirred at -78^C for 1 hour. A 
solution' of t-rbutyl cinnamate (7) (1.64g, 8.1 mmol) in 
anhydrous tetrahydrofuran (15 ml) was then added via a 
cannula and the solution was stirred for- a further 1 
hour. The resulting yellow enolate' solution was then 

15 diluted with anhydrous tetrahydrofuran (30 ml) and solid 
( + ) - (camphorsulphonyl) -oxaziridine (2.76g, 12.1 mmol) was 
added. After stirring for a further 6 hours at -78®C, the 
mixture was warmed to O^C (15 minutes) and'^qu en ched^b'y' "the 
addition of saturated aqueous ammonium chloride solution. 

20 Ethyl acetate (50 ml) was added, followed by brine (10 
ml). The organic * layer was separated, dried (magnesium 
sulphate) and filtered and the solvent was evaporated * 
under reduced pressure to afford an oily solid residue. 
Treatment of this with diethyl ether precipitated the 

25 oxaziridine/ sulf onimine which was removed by filtration 
and the resulting oil was purified by flash 
chromatography on silica gel [ethyl acetate/petroleum 
ether (1:19)] affording the title compound (Rf 0.20) as a 
colourless oil {2..89g, 95%). 5h (300 MHz: CDCI3) 7.50- 

30 7.21 (lOH, m, Ph) , 5.89 (IH, m, NCHjCH^CH^) , 5.12 (IH, 

app. dd, J = 17.2 and 41.4, trans CH=CH2) , 5.04 (IH, app. . 
dd, J = 17.2 and 1.4, zls, CH=CH2) , 4.53 (IH, d, J = 3.8, 
CHOH) , 4.23 (IH, d, J = 3.8, NCHCH)', 4.13 (IH, q, J = 
6.8,. PhCHCHj), 3.47 (IH, app. dd, J = 15.6 and 7.1, NCH2) , 

35 3.03 (IH, bs, OH), 1.29 (9H, s, (Q^^) ^CR) , 1.21 (3H, d, J 
= 6,8, PhCHCHa) - 
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fp.q ■ -^P . fY.q) -t-Butyl (N-cinnamyl-0f-mpr,hylbe n2vlamino) -7- 
hydrox\^-' ^ -phenvlproDionate (2 8) 

5 

The procedure of Example 12 was repeated using (S)-N- 
cinnaTnyl-a-methylbenzylamine (4) (0.300g, 1.27 mmol) , 
1.6M butyllithium (0.730 ml, 1.17 mmol) , t-butyl 
cinnamate (7) (0.199g, 0.97 mmol) and (+) - 

10 (camphorsulphonyl) -oxaziridine (0.290g, 1.27 mmol). 

I 

Flash chromatography of the product on silica gel [ethyl 
acetate/petroleum ether -(1 : 19) ] afforded the title 
compound as a colourless oil (0.361g, 81%). 5h (300 MHz; 
CDCI3) 7.55-7,12 (15H, m, Ph) , 6.42- (IH, d, J = 16.0, 

15 PhCH=CH) , 6.25 {IH, dt, J = 16.0 and 6.6, CH-CHPh) , 4.61 
(IH, d, J = 4.0, CHCHCO'2), 4.32 (IH, d, J = 4.0, PhCflCH) , 
4.20 (IH, q, J = 6.8, PhCHCHa), 3.65 (IH, dd, J = 15.8 and 
5.7, NCH2) / 3:^7^ -(lH;'"dd,-J^= -15.8 and 6.9, NCIi2)i 3.22 " 
(IH, br s, OH), 1.32 {9H, s, (CH3)3C), 1.29 (3H, d, J = 

20 6.8, PhCHGHa) . 

De-allylation reactions 

Standard proredure for <^f?-allylatign 

25 

A solution of the N-allylated p-amino ester (1.00 mmol) 
and trls(triphenylphosphine) rhodium (I) chloride (0.05 
mmol) in acetonitrile/water (80:20, 50ml) was prepared 
in a magnetically stirred 100 cm^ round bottomed flask. A 

30 Claisen adaptor fitted with an addition funnel on one arm 
and a short path distillation head and reflux condenser .. 
on the other was then attached to the reaction vessel. 
The addition funnel was charged with excess acetonitrile/ 
water (80:20) and the system was continually flushed with 

35 nitrogen as the reaction was brought to vigorous boiling, 
fresh solvent being added to replace the volume of liquid 
swept out of the distillation^ head . The reaction was 
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refluxed for 2 hours, and the solvent was then removed 
under reduced pressure. The dark brown oily residue was 
passed through alumina, eluting with diethyl ether, which 
after removal of solvent under reduced pressure afforded 
5 a pale yellow oil. This material was then subjected to 
flas^ chromatography on silica gel. 

Example 14 

10 f35.0fS) -t.-Butyl 3 - fa-Tnerhvlbenzvlamino^ h^itnuoatp 

I ■ 

The titlfi rompound (29) was prepared from compound (6) of 
Example 1 using the above-described procedure. [alu^^ - 
36.3 (C 1.78, CHCI3) ; (CHCI3) /cm^^ 1724s (C=0) ; 5h (300 

15 MHz;- CDCI3) 7.36-7.14 (5H, m, Ph), 3.89 (IH, q, J = £.5, 
PhCHCHa) , 2.94 (IH, m, CHsCHCHs) , 2.34, 2.28 (2H, ABX 
system, J^b = 14.4, J^x = 5.6, Jbx = CH2CO) , 1,45 (9H, 

S, {CH3)3C), 1.33 (3H, d, J '= 6 . 6 , PhCHC^B ) T 1 ^ 0 4 ( 3^^^^^ 
J = 6.5, CH3CHCH2) ; 5c (50 MHz; CDCI3) 171.98 (£=0), 

20 146,32 (Ph: Cip^p) , 128.60, 126.75 (PhcCortho, Cmeta) . 127,03 
. (PhiCpara)/ 80.29 (£(CH3)3), 55.13, 47.98 (£HN) , 41.86 
(CH2CO), 28.03 (C(£:H3)3)* 24.46, 21.35 (NCHCHs) ; m/z (CI) 
264 (MH*, 100%), 208 (25), 148 (35), 105 (10); (Found: C, 
72.93; H, -9.77; N, 5.10. C16H25NO2 requires C, 72.97; H, 

25 9.57; N, 5.32%) . 

ExampHfi 1 

(3S.aS) -t-Butvl 3- (g-methvlbenzvlamino^ -3- 
30 Dhenylpropionate C^O) 

The titlp compound (3 0) was prepared from compound (8) of 
Example 2 -using the above -described procedure. [alo^^ 
-16.3 (c 1.45, CHCI3) ; v^(CHCl3) /crnr^ 1728s (C=0) ; 6H 
35 (300 MKz; CDCI3) 7.36-7.18 (lOH, m, Ph) , 4.17 (IH, dd, J = 
7.9 and 6.2, NCHCHj) , 3.67 (IH, q, J = 6.5, PhCiiCH3) , 
2.65, 2.57 (2H, ABX system, J^b = 14.7, J^x = 7.9, Jbv = 



SUBSTITUTE SHEET (RULE 26) 



wo 95/18134 



PCr/GB94/02827 



- 26 - 

6.5, PhCHCHs) ; 5c (50 MHz; CDCI3) 171:36 (£=0), 146.38, 
143.17 (Ph:Cip3o). 128.66/ 127.33, 126.82 (PhzCorthc C^eta) / 
127.46, 127.10 (PhrCpara)/ 80.51 (£(^3)3), 57.15, 54.57 
(CHN) , 43.94 (CHsCO), 27.97 (C(£H3)3), 22.29 (NCHCH3) ; m/z 
5 (CI) 326 (MH*, 100%), 270 (20), 210 (30), 120 (25), 106 
(28); (Found: C, 77.44; H, 8.59; N, 4.49. C21H27NO2 
requires C, 77.50; H, 8.36; N, 4.30%). 

10 . 

I 

(35. ttS) -t-Butyl 3- (of-mgrhylbenzyl amino) pentanoate C^T ) 

The title compound (31) was prepared from compound (10) 
of Example 3 using the above-described procedure. [ocJd^^ 

15 -54.0 (c 1.81, CHCI3) ; {CHCI3) /cm"^ 1724s (C=0) ; 5h (300 
MHz; CDCI3) 7.36-7.20 (5H, m, Ph) , 3.91 (IH, q, J = 6.5, 
PhCHCH3), 2.68 (IH, m, NCHCHj) , 2.39, 2.28 (2H, ABX 
system, Jab = 14-3/ Jax = 57?, Jbx = 5.5, CHjCO) , 1.47 (9H,' 
s, (CH3)3C), 1.41 (2H, m, CH3CH2) 1 1-34 (3H, d, J = 6.5, 

20 PhCHCHs), 0.85 (3H, t, J = 7.3, CH3CH2) ; 5c (50 MHz; CDCI3) 
172.19 (C=0) , 146.44, (PhiCipe^), 128.53, 126.92 (Ph:Corthor 
Cmeta)/ 126.84 ( Ph : Cp^^^) , ' 8 0 . 23 (£(^3)3), 55.01, 53.71 
(CHN), 39.10 (CHjCO) , 28.04 (C(£H3)3), 27.78 (CH3£H2) , 
24.80 (NCHCHa), 10.24 (CHaCHj) ; m/z (CI) 278 (MH*, 100%), 

25 248 (5), 222 (30), 192 (12), 162 (15), 105 (20);' (Found: 
C, 73.84; H, 10.11; N, 4.93. C17H27NO2 requires C, 73.61; 
H, 9.8I7 N, 5.05%) . 

Example 17 

30 

f3R.ofS) -t-Butvl 3- (a-methv 1hpn7vlamino) -4-hexenoate (32) - 

The title compound (32) was prepared from compound (12) 
of Example 4 using the above-described procedure. [alo^^ 
35 -45.1 (c 1.69, CHCI3) ; ( CHCI3 ) /cm'^ 1728s (C=0) ; 5H 

(300 MHz; CDCI3) 7.32-7.18 (5H, m, Ph) , 5.55 (IH, dq, J =- 
15.2 and 6.4, CH3Cii=CH) , 5.26 (ddq, J = 15.2, 8.0 and 1.6, 
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CH3CH=CIi) , 3.84 (IH, q, J = 6.5, PhCHCHj) , 3.45 (IH, m, 
NCHCHj) , 2.41, 2.35 (2H, ABX system, = 14.5, J^x = 6.6, 
Jbx = 6.5, CH2CO) , 1.65 (3H, dd, J = 6.4 and 1.6, CE^C^C) , 
, . 1.45 (9H, S, (CH3)3C), 1.33 (3H, d, J = 6.5, PhCHCflj) ; 5c 
5 (50 MHz; CDCI3) 171.53 (£=0), 146.51 (PhiCipeo) , 133.07 
(CH3C=£), 128.53, 126,82 (Ph: C„eta)» 126.96 

(PhrCpara). 80.28 (£ (CH3) 3) , 55 . 14 , 54.57 (£HN) , 41.78 
(CHjCO), 28.03 {C(CH3)3), 23.12 (NCH£H3) , 17.83 (£H3C=C) ,• 
m/2 (CI) 290 (MH*, 100%), 234 (30),'l74 (45), 105 (35); 
10 (Found: C, 74.61; H, 9.63; N, 4i62. CieHjvNOj requires C, 
74.70; H, 9.40; N, 4.84%). 

Example 18 

15 C^R.raS) -t-But-yl ^ - (fY-mpthvlhpnzvlamino) -3- (fur-2- 

yPpropionate (33) 

The title compound (33) was prepared from compound- (14) - 
of Example 5 using the above-described procedure. [aln^^ 
20 -1.5 (c 1.74, CHCI3) ; (CHCI3) /cm"! 1729s (C=0) ; 6h (300 

MHz; CDCI3) 7.32-7.20 (6H, m, Ph, OCH=CH), 6.28 (IH, dd, J 
= 3.2 and 1.9, OCH=CH) , 6.15 (IH, d, J = 3.2, OCH=CH) , 
4.19 (IH, t, J = 6.9, NCHCH2) , 3.76 (IH, q, J = 6.5, 
PhCIiCH3); 5c (50 MHz; CDCI3) 170.93 (£=0), 156.00 (0£=CH) , 
25 146.15 (Ph:CipBo). 141.78 (0£H=CH) , 128.61, 126.81 

(Ph:Cortho. Qneta). 127.14 (Ph:Cp„a). 110.10 (OCH=£H), 
106.40 '.(OC=£H) , 80.55 (£(^3)3), 54.97, 50.83 (£HN) , 40.72 
(CHjCO) , 27.96 (C(£H3) 3), 23.04 (NCHCH3) ; m/z (CI) 316 
(MH*, 100%), 260 (25), 200 (25), 154 (20), 120 (25), 105 
30 (27); (Found: C, 72.37; H, 8.04; N, 4.31. CigH2sN03 
requires C, 72.35; H, 7.99; N, 4.44%). 
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Ryample 19 

f "^R. k5) -tr-Butyl 3- fof-mpthylbenzyl amino) -4- 
. methylpenfRnnarfi (74) 
5 • 

The title compound (34) was prepared from compound (16) 
■.of Example 6 using the above-described procedure. l(x]^^^ 
-52.7 (c 1.57, CHCI3); v^(CHCl3)/cm-^ 1724s {C=0) ; 5h (300 
MHz; CDCI3) 7.38-7.21 (5H, m, Ph) , 3.88 (IH, q, J = 6.5, 
10 PhCHCHa), 2.60 (IH, m, NCHCH2) , 2.38, 2.27 (2H, ABX 

system, J^b = 14.4, Jax = 5.4, Jgx = 6.2, CH2CO) , 1,68 (IH, 
m, (CH3)2CH}, 1.47 (9H, s, (CH3)3C), 1.33) (3H, d, J = 
6.5, PhCHCHa), 0.89 {3H, d, J = 6.8, (CH3)2CH), 0.81 (3H, 
d, J = 6.8, (CH3)2CH); 5c (50 MHz; CDCl^) 172.67 (£=0), 
15 146.58 (Ph:Cipeo)/ 128.42, 127.12 (Ph:Cortho/ Cmeta) . 126.95 
(Ph:Cp3^a)/ 80.19 (£{CH3)3), 57.82, 55.37 (£HN) , 36.81 
(£H2C0), 31.14 ((CH3)2i:H), 28.03 (C(£H3)3), 24.76 (NCHCH3) , 
. 18.78,_18,.32 ((£H3)2CH) ; m/z (CI) 292 (MH;^, 100%) , 236 

(20), 192 (20), 176 (17), 105 (20); (Found: C, 74.07; H, 
20 10.31; N, 4.58. CieHssNOj requires C, 74.18; H, 10.03; N-, 
4.81%). 

Example 20 . <' 

25 fSR.ofS) -t-Butvl ftf-methvlhenzv] amino) -4-hexenoate (32) 

To a solution of compound (12) from Example 4 (LOSOg, 
3.28 mmol) in anhydrous dichloromethane (20 ml) was added 
tetrakis- (triphenylphosphine) -palladium (0) .(0.040g, 1 

3 0 mol %) and N, N» -dimethylbarbituric acid (0.536, 9.85 
mmol) . This mixture was stirred at 40°C for 2 hours, 
after which the dichloromethane was removed under reduced 
pressure. The residue was dissolved in diethyl ether (50 
ml) and washed with saturated sodium bicarbonate solution 

35 (2x20 ml) and brine (20 ml) and cried (magnesium 

sulphate) and the solvent was removed under reduced 
pressure to yield a pale yellow oil. Purification by 
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flash chromatography on silica gel [ethyl 
acetate/petroleum ether (4:9)] afforded the title • 
compound (Rf 0.30) as a colourless oil {0.950g, 100%), 5h 
(300 MHz; CPCI3) 7.32-7.18 (5H, m, Ph) , 5.55 (IH, dq, J = 
5 15.2 and 6.4, CH3CH=CH) , 5.26 (IH, ddq, J = 15.2, 8.0 and 
1 . 6 , ixans CH2CH=CH) , 3.84 (IH, q, J = 6.5, PhCHCHj) , 3.45 
(IH, m, NCHCHj) , 2.41 (IH, dd; ■ J = 14.5 and 6.6, CH2CO2) , 
2.35 (IH, dd, J = 14.5 and 6.5, CHjCOj) , 1.65 {3H, dd, J = 
6.4 and 1.6, CH3C=C) , 1.45,(9H, s, •(CH3)3C), 1.33 (3H, d, 
10 J = 6.5, PhCHCHs) . 

I 

Transester-i f i rat i nn reactions 

. Example 21 

. 15 . 

f3S! nfS) -Mpthyl -3- (nf-methv lbprizylamino) butanoate 

A solution of compound (29). from Example 14 (1 . 00 mmol) 
was stirred in a saturated solution of gaseous hydrogen 

20 chloride in methanol for 3 0 minutes. The solvent was 

then removed under reduced pressure. This procedure was 
repeated until no starting material remained. The white 
solid residue was diluted with ethyl acetate (30 ml) , 
washed with saturated aqueous sodium bicarbonate (2 x 30 

25 ml) , water (20 ml) and brine (20 ml) , dried (magnesium 
sulphate) and filtered, and the solvent was evaporated 
under reduced pressure to give the title compound (35) as 
a clear oil. [aj^^^ -45.5 (c 1.95, CHCI3) ; (CHCI3) /cm-^ 
1736s (C=0) ; 6h (300 MHz; CDCI3) 7.34-7.20 (5.H, m, Ph) , 

30 3.88 (IH, q, J = 6.5, PhCHCHa) , 3.67 (3H, s, OCH3) , 2.99 
(IH, m, CH3CHCH2) , 2.47, 2.38 (2H, ABX system, J^b = 14.8, 
J;^ = 5.4, = 6.5, CH2CO) , 1.33 (3H, d, J = 6.5 

PhCHCHs), 1.06 (3H, d,'J = 6.4, CH3CHCH2) ; 5c (50 MHz; 
CDCI3) 173.01 (£=0), 146.29 (PhtCip^o), 128.63, 12£.70 

35 {Ph:C,^thoi C^eta). 127.07 (Ph:Cp,„), 55.15, 47.69 (£HN) , 

51.30 (OCH3), 40.52 (CH2CO) , 24.54, 21.34 (NCHCH3) ; m/z • 
(CI) 222 (MH% 100%), 206 (15), 148 (10), 118 (5),' 105 
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(10); (Found: C, 70.48; H, 8.80. CiaHigNOz requires C, 
70.56; H, 8 .65%) . . 

Example 22 

5 

(■^V.nf^) -Mpthyl 7- (ry-TT iprhyl bpnyyl ami Tin) -l^-nhenvlnrnnj onatP 
(36) 

Following the procedure of Example 21 the title compound 
10 (36) was prepared from compoimd (30) of Example 15. 

[a]D" -14.9 (C 2.04, CHCI3) ; v;^(CHCl3) /cm-i 1738s (C=0) ; 

6h (300 MHz; CDCla) 7.36-7.21 (lOH, m, Ph) , 4.23 (IH, dd, 

J = 6.2 and 7.7, NCHCHj) , 3.69 (IH, q, J = 6 . 5 , PhCHCHj ) , 

3.64 (3H, s, OCH3) , 2.78, 2.68 {2H,. ABX system, = 
15 15.2, Jax = 7.7, Jbx = 6.2, CH2CO) , 1.37 (3H, d, J = 6.5, 

PhCHCHs) ; 5c (50 MHz; CDCI3) 172.51 (£=0), 146.25, 143.08 

{Ph:Cip3o), 128.81, 128.64, 127.61, 127.17, 126.81 
- (Ph:C„,i,„,C„,,,.,Cp„J, 56.82, 54.64 (CHN) , 51.52 (OCH3) . 

42.48 (CHjCO) , 22.26, (NCHCH3) ; m/z (CI) 284 (MH+, 100%), 
20 268 (13), 236 (20), 210 (23), 106 (40); (Found: C, 76.06; 

H, 7.43; N, 4.84. CieHjiNOj requires C, 76.30; H, 7.47; N, 

4.94%). 

Rxamplg 23 

25 

ns.rY.qWMpt-hyl 7- (fY-m Pfhv1hpn7y1amjnn)r)entanoate (37) 

Following the procedure of Example 21 the title compound 
(37) was prepared from compound (31) of Example 16. 

30 [aJc" -60.4 (C 1.77, CHCI3) ; ( CHCI3) /cm'^ 1736s (C=0) ; 

5h (300 MHz; CDCI3) 7.36-7.18 (5H, m, Ph) , 3.89 (IH, q, J 
= 6-5, PhCHCHs), 3.67 (3H, s, OCH3) , 2.73 (IH, m, NHCHCHj) 
2.47, 2.39 (2H, ABX system, J^b = 14.7, J^c = 5.8, Jbx = 
^.6, CH2CO) , 1.41 (2H, m, CH3CH2), 1.33 (3H, d, J = 6.6, 

35 PhCHCHs), 0.86 (3H, t, J = 7 . 4 , . CH3CH2) ; 5c (50 MHz; CDCI3) 
173.22 (C=0) , 146.29 (PhrCipso). 128.55, 127.03, 126.86 
(Ph:C,«ho. Cmeta, Cp„J , 55.07, 53.44 {£HN) , 51.29 (OCH3) , 
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37.99 (CHjCO) , 27.89 (CH3CH2) , 24 . 80 ' (NCH^Ha ) , 10.20 
(CHaCHs); m/z (CI) 236 [m\ 100%), 220 (10), 206 (15)', 
105 (20); (Found: C, 71.08; H, 9.23; N, 5.81. Ci^HjiNOj 
requires C, 71.46; H, 8.99; N, 5.95%). 

5 

ExaiTiple 24 

C^R.orS) -Mefhyl 3- (nf-Tnpthylhpn^y] am jnn) -4-hexpnoa f.e C^R^ 

10 Following the procedure of Example 21 the tit Is c ompountl 

(38) was prepared from compound (32) of Example 17. 

[a]^^^ -48.5 (c 1.28, CHCI3); (CHCl3)/cm-i 1736s (C=0) , 

6h (300 MHz; CDCI3) 7.32-7.20 (5H, m, Ph) , 5.56 (IH, dq, J 
= 15.2 and 6.4, CH3CH=CH) , 5.30 (IH, ddq, J. , = 15.2, 8.0 

15 and 1.6, CH3CH=CH) , 3.84 (IH, q, J = 6.5, PhCHCHj), 3.67 
(3H, s, OCH3), 3.49 (IH, ra.NCHCHj) , 2.52, 2.46 (2K, ABX • 
system, J^b = 18.9, J^c = 6-5, Jbx = 6.5 CH2CO) , 1.65 (3H, , 

dd, J = 6.4 and 1. 6, , CH3C=C) , , 1.32 (3H, d, . J=6 .5,,, _ _ 

PhCHCHs) ; 5c (50 MHz; CDCI3) 172.67 (£=0), 146.36 

20 (PhrCipeo), 132.82 (CH3C=£) , 128.57, 126.79 

(PhiCortho.Qneta) / 127.14 (Ph:Cp„a), 54.76, 54.62 (£HN) , 
51.36 {OCH3) , 40;34 (CHjCO) , 23.12 (NCHCHa) , 17.59 
(£H3C=C) ; ra/z (CI) 248 (MH*, 100%), 232 (10), 174 (15), 
105 (10) (Found: C, 72.89; H, 8.97. CisHjiNOj requires C, 

25 72.84; H,8.50%) . . 

Example 25 

n.R.fY.q^ -Mpthvl (ra-mp rhvlhpn:^v3 amino) (fur-2-vl) 
30 propionate (39) 

Following the procedure of Example 21 the tit3e compound 

(39) was prepared from compound (33) of Example 18. 
(CHCl3)/cm-i 1739s (C=0) , 5h (300 MHz; CDCI3) 7.32-7.18 

35 (6H, m, Ph, OCH=CH) , 6.29 (IH, dd, J = 3.3 and 1.9, 

OCE=CH) , 6.15 (IH, d, J = 3.3, OCH=CH) , 4.25 (IH, t, J = . 
6.9, NCECHj) , 3.76 (lH, q, J = 6.5, PhCHCHj; , 3.67 (IH, s, 



BNSDOCID; <W0 95181 34A1_I.? 



SUBSTITUTE SHE£T (RULE 26) 



wo 95/18134 



PCT/GB94/02827 



- 32 - 

OCH3) , 2.77 (2H, m, CH2CO) , 1.35 J = 6.5, PhCHCHj) ; 5c 
(50 MHz; CDCI3) 172.12 (£=0), 155.71 {0(:=CH) , 146.00 
(Ph:Cip«o). 141.96 (0£H=CH), 128 . 64 , . 126 . 81 (Ph:Co^tho/ 
C^^J. 127.21 (Ph:Cp„a), 110.18 (OCH=£H) . 106 . 48 (OC=£H) . 
5 55.02, 51.58 (£HN) , 50.53 (OCH3) , 39.28 (j:H2C0) , 22.98 
(NCHCH3); m/z (CI) 274 (MH*, 100%), 200 (20), 153 (20), 
105 (25) (Found: C, 70.55; H, 7.03. CieHisNOj requires C, 
70.31; H,7.01%) . 

10 Ryamp^P 26 

f3R.oS) -Methyl (a-mprhv]be n?:yl amino) -4^methvlDentanoate 
(40) 

15 Following the procedure of Example 21 the title CPTnpPUnd 
(40) was prepared from compound (34) of Example 19, 
[a]j,2^ -57.5' (c 1.87, CHCI3); (CHCl3)/cm-i 1736s 

{C=0) , 5h- (300 ^4Hz; GDCI3) 7.36-7.21 (5H, m, Ph), 3.85 
(IH, q, J = 6.5, PhCHCH3) , 3.68 (3H, s, OCH3) , 2.66 (IH, . 

20 m, NCHCHj) , 2.47, 2.37 (2H, ABX system, J^b = 14.6, J^c = 
5.4, Jbx = 6.5, CH2CO) , 1.57 (IH, m, (CHjjjCH). 1-32 (3H, 
d, J = 6.5, PhCHCHa); 0.88 {3H, d, J = 6, 8 , (CH3) 2CH) , 0.81 
(3H, d, J = 6.8, (CH3)2CH); 5c (50 MHz ; CDCI3) 173.73 
(£=0), 146.40 (Ph:Cipao)» 128.45, 127.06 (Ph:Cortho. Qneta. 

25 Cp„J, 57.52. 55.44 (£HN) , 51.36 (OCH3) , 35 . 75 (£H2C0) , 

31.31 [(CH3)2£H] , 24.74 {NCH£H3) , 18.45, 18.36 [(£H3)2CH]; 
m/z (CI) 250 (MH*, 100%), 236 (15), 206 (22), 105 (22); 
(Found: C, 71.91; H, 9.67. C15H23NO2 requires C, 72.25; 
H,9.30%) . . 

30 

Cyc;lisarjnn and nfher transf omiations 

Ky^mple 27 

35 MS. ofS)^-l- (fY-Mfth v 1hPn7v1 ) -4 -mpthvlRZPt j din- 2 -one (41) 
To a solution compound (25) from Example 21 (1.00 mmol) 
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in anhydrous diethyl ether (5 ml) at 0°C was added slowly, 
dropwise, 3.0 M methylmagnesium bromide (1.10 mmol) . The 
resulting solution was stirred for 10 minutes and the 
reaction was then quenched by addition of pH7 buffer. 
5 Diethyl ether (20 ml) was added, whereafter the solution 
was washed with water (20 ml) and brine (20 ml) , dried 
(magnesium sulphate) and filtered. The solvent was 
removed under reduced pressure to afford the liLlfi 
nnmpound (41) as a clear oil which' was subjected to flash 

10 chromatography on silica gel. , talo^^ -68.9 (c l.Sl, 

CHCI3) ; (CHCl3)/cm-i 1742s (C=0) , 5h (300 MHz; CDCI3) 

7.34-7.23 (5H, m, Ph) , 4.92 (IH, q, J = 7.2, PhCHCHj) , 3.51 
(IH, m, CH3CHCH2) ; 2.97, 2.46 (2H, .ABX system, J^b = 14.4, 
Jftx = 5.1, Jbx = 2.4, CH2CO), 1.63 {3H, d., J. = 7.2, 

15 PhCHCHa). 1.25 (3H, d, J = 6.1, CHjCHCHj) ; 5c (50 MHz; 
CDCI3) 166.90 (£=0), 140.67 (PhrCipeo) , 128.85, 127,18 
(Ph:C„,hc„C^,J. 127.77 (Ph: Cp„J , 51.78, 47.18 (£HN), 
43 .45 (CHjCO) , 20.65, 19.25 (NCHCH3) ; Jn/z (CI). 190, (MH*, .. „ 
100%), 174(5), 132 (10), 105 (8); (Found: C, 76.02; H, 

20 7.98; 7; 07. CijHisNO requires C, 76.16; H, 7.99; N, 
7.40%) . 

Example 28 . ' 

25 UR.nfS)-1-frY-Mpth v 1hpn7.v]^-4-r)henvla7.Rt:idin-7-0TlR (42) 

Following the procedure of Example 27 the title compound 

(42) was prepared from compound (36) of Example 22. 

[ale" +57.9 (C 1.06, CHCI3) ; (CHCl3)/cm-i 1747s (C=0) ; 

30 5h (300 MHz; CDCI3) 7.34-7.18 (lOH, m, Ph) , 5.05 

(IH, q, J = 7.2, PhCHCHa), 4.30 (IH, dd, J = 5.3 and 2.5, 
NCHCHj) , 3.25, 2.84 (2H, ABX system, J^b = 14.7, J^c = 5.3., 
Jbx = 2.5, CHjCO) , 0.87 (3H, d, J «-7.2, PhCHCHj) ; 5c 

(50MHz,- CDCla) 167.66 (C=0) , 140.18, 139 . 99 ; ( Ph : Cipeo) / 
35 128.93, 128.82, 127.48, 126.89 (Ph: Corthor C„eta) . 128 . 63 , 
128.19 (Ph:Cpara). 53.40 (£HN) , 4 6 . 2 8 (CHjCO) , 18.67 

(NCHCHj); m/z (CI) 252 (MH% 100%), 236 (4) 132 (10), 104 
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(60); (Found: C, 81.11 H, 6.96. CiiHi7N0 requires C, 
81.24; H, ,6.82%.) . 

E^c^ple 29 

5 , . 

■MS.ofg) -1- fof-Methylbenzyl) - 4-ethylazpt id in-? -onfi (^7^ 

Following the procedure of Example 27 the title 'rompmm^ 

(43) was prepared from compound (37) of Example 23. 

10 [a]D^i -8.9 (C 1.84, CHCI3) ;. (CHCI3) /cm'^ 1742s (C=0) ; 

5h (300 MHz; CDCI3) 7.38-7.25 (5H, m, Ph) , 4.88 
(IH, q, J = 7,2, PhCHCHa), 3.34 (IH, m, NCfiCHj) , 2.88, 
2.48 {2H, T^X system, J;^ = 14.5, J^c = 5.1, Jbx = 2.4, 
CH2CO) , 1.75 (IH, m, CHaCHs). 1.62 (3H, d, J 7.2, 

15 PhCHCHa), 1-38 (IH, m, CHaCHj) , 0.80 (3H, t, J = 7.4, 

CH3CH2) ; 5c (50 MHz; CDCI3) 167.13 {i:=0) , 140.85 (PhiCipeJ , 
128.81, 127.11 (Ph:Cortho/Cmeta) I 127.69 (Ph: Cp^^^) . 52.72, 
52.05 (CHN) ,. .4 0.92 -(CH2CO)., 27.07 CHaCHj) , 19.48, (NCHCH3) , 
9.11 (CHaCHj) ; m/z j(CI) 204 (MH*, 100%), 188 (5), 146 (6), 

20 105 (10); (Found: C, 76.65; H, 8.67. C13H17NO requires C, 
76 .81; H, 8 .43%) , 

Example 30 

25 -(4R. aS) - 1- f of-Met hylbenzvl) -4-propgnyla2 etidin-2-one (44) 

Following the procedure of Example 27 the title compounc^ ' 

(44) was prepared from compound (38) of Example 24. 
[ocJd^^ -39.4 (c 1.02, CHCI3) ; 5h (300 MHz; CDCI3) 7.38- 

30 7.25(5H, m, Ph) , 5.61 (IH, dq, J = 15.2 and 6.4, 
CHsCH^CH), 5.38 (IH, ddq, J =15.2, 8.0 and 1.6, 
CH.CH^CH) , 4.92 (IH, q, J = 7.2, PhCHCH3; , 3.81 (IH, m, 
NCHCH2) , 2.99, 2.57 (2H, ABX system. Jab = 14.6, J^x = 5.2, 
Jbx = 2.2, CH2CO) , 1^67 {3H, dd, J = 6.4 and 1.6, CH3C=C) , 

35 1.54 (3H, dd, J = 7.2, PhCHCHj) . 
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ExamnlP -^1 

MR.kS) -1- (fY-Mpthvlbpn 7v] ) -4- ffiir-7-v] ) -azpf j c^iTi-?-n-no 
1A51 

5 

Following the procedure of Example 27 the tjt.ip roTTrpnnnd 

(45) was prepared from compound (39) of Exanple 25. 
[ale" +36.7 (c 1.96, CHCI3) ; (CHCI3) /cm-^ 1751s (C=0) ; 
5h (300 MHz; CDClj) 7.39-7.23 (6H, m, Ph, OCH=CH) , 6.33 

10 (IH, dd, J = 3.3 and 1.9, OCH=CH) , 6.21 (IH, d, J = 3.3, 
OCH=CH) , 5.00. (IH, q, J = 7.2, PhCHCHj) , 4.38 (IH, m, 
NCHCH2) , 3.14 (2H, m, CH2CO) , 1.30 (3H, d, J = 7.2, 
PhCHCH3) ; 5c (50 MHz; CDCI3) 166.60 (i:=0) , 151.53 (0£:=CH) , 
142.82 (Ph:CipBo). 139.91 (OCH=CH) , 128.72, 127.24 

15 (PhtCertho. Qn^ta). 121.74 (Ph:Cpa„). 110.69 (OCH=£H) , 

109.09 (OC=£H) , 51.42, 45.97 (£HN) , 42.44 (CHjCO) , 17 . 60 
(NCHCHa) ; m/z (CI) 242 (MH+, 100%), 226 (4), 132 (8), 94 
(40) ; ' Found: C, 74,45; H, 6.45; GisHigNOj -requires- C, - • 
74.67; H, 6.27%) . 

20 

(4R. gS) -1 - fnf-Mpthylbenr.yl ) -4-isopropylazetidin-:>-one (46) 

25 Following the procedure of Example 27 the titlp rompound 

(46) was prepared from compound (40) of Exait^le 26. 
[a]D^i +26.1 (c 1.96, CHCla); (CHCI3) /cm"! 1741s (C=0) , 
5h (300 MHz; CDCI3) 7 . 38-7 . 25 {5H, m, Ph), 4.83 

(IH, q," J = 7.2, PhCHCHa), 3.36 (IH, m, NCHCHj) , 2.72, 
30 2.57 (2H, ABX system, J^b = 14.7, J^c = 5.2, Jgx = 2.7, 
ClizCO) , 1.88 (IH, m, (^3)301), 1.65 (3H, d, J = 7.2, 
PhCHCHs) , 0-83 (3H, d, J = 6.8, .(CH3)2CH), 0.79 (3H, d, J 
= 6.8, (CH3)CH); 6c (50MHz; CDCI3) 167.73 (£=0), 141.09 
(Ph:£ipeo)., 128.78, 127.14 (Ph : C„tho/ Qneta) , 127.62 (Ph: 
35 Cpa„) , 56.72, 52.95 (£HN) , 36.59 (CHjCO) , 29.16 

((CH3).£H), 19.30, 18.83, 14.91 (NCHCHj, 2CR) ; m/z 

(CI) 218 (MH*, 100%), 202 (10), 132 (10), 105 (15); 
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(Found; C, 11,^1; H, 8.96. Ci^Hi^NO requires C, 77.38; H, 
8.81%) . 

5 

• Q;;a2Plidine-5-carbPxylic acid t-buty] fifrter (47) 

To a solution of compound (27) from Example 12 (1.039g, 

10 2.73 mmol) in anhydrous toluene (25 ml) was added 

tris (triphenylphosphine) rhodium(I) chloride (126 mg, 5 
mol %) . This solution was refluxed for 4 hours 
whereafter the toluene was removed under reduced 
pressure- The residue was treated with diethyl ether, 

15 precipitating the catalyst, and the solution was passed 
through alumina grade Si. After removal of the solvent 
, under reduced pressure, the resulting oil was purified by 
flash chromatography .on silica. gel [ethyl acetate/ _ 
petroleum ether (1:19)] affording the title compound (R^ 

20 0.40) as a colourless oil (0.86g, 83%). 5h (300 MHz; 

CDCI3) 7.33-7.18 (lOH, m, Ph) , 4.48 (IH, t, NCHO) , 4.38 
(IH, d, J :r-8.0, PhCHCH) , 4.21 (IH, d, J = 8.0, PhCHCH) , 
4.01 (IH, q, J = 6.9, PhCHCHa) , 1.91 (2H, m, CHCH2CH3) , 
1.27 (3H, d, J = 6.9, PhCHCHs) / 1-15 (3H, t, J = 7.5, 

25 CHCH2CH3) , 0.99 (9H, s, (013)30). 

E:;aynple_3,4 

(2S, 3??. 6R.KS) -3-Phenyl-4- («-Tugthylbenr.yl) -6'iodomethyl- 
30 i.4-Qxazine-?-carbp::ylic acid t-butyl ester (46)' 

To a solution of compound (27) from Example 12 (250 mg, 
0.66 mmol) in tetrahydrofuran/water (9 : 1, 3 ml) at O^C was 
added N-iodosuccinimide (295 mg, 1.32 mmol). This 
35 solution was stirred at 0°C for 2 hours. ' The resulting . 
brown solution was poured into l.OM aqueous sodium 
thiosulphate solution (20 ml) and this was washed with 
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brine (20 ml) , dried .(magnesium sulphate) and filtered 
and the solvent was removed under reduced pressure to 
give a yellow oil. This was purified by flash 
chromatography on silica gel [ethyl acetate/petroleum 
5 ether (1:19)1 to give the title compound (48) (Rf 0.20) as 
a colourless oil (160 mg, 48%). 5h (300 MHz; CDCI3) 7.61- 
7.22 (lOH, m, Ph) , 4.65 (IH, d, J - 3.7, CHCO2) ; 4.36 (IH, 
d, J = 3.7, NCHCH), 3.75-3.66 (IH, m, CHCH2I) , 3.33 (IH, 
g., J = 6.4, PhCHCHj), 3.31 (IH, dd,' J = 10.4 and 5.0, 
10 CH2I), 3.24 (IH, dd, J 10.4 and 6.2, CH2I) r 2.58 (IH, 
dd, J = 12. 6 . and 3.3, ^eq. NCH2CH) , 1.49 (3H, d, J = 6.4, 
PhCHCHa), 1.14 (9H, s, (CH3)3C). 

Also recovered (Rf 0.45) as a colourless oil was the 
15 corresponding (2S , 3S , 6S , aS) isomer (40 mg, 12%). 5h (300 
MHz; CDCI3) 7.56-7.21 (lOH, m, Ph) , 4.60 (IH, d, J = 4.6, 
CHCO2) , 4.47-4.39 (IH, m, CHCHjI) , 4.29 (IH, d, J = 4.6, 
PhCHCH).,. 3-.65 (IH, q, J = 6 . 5., PhCHCHa) ., .3 ,5P_(.1H, 4d,_J 
10.0 and 7.1, CHzD, 3.37 (IH, dd, J = 10.0 and 5.5, 
20 CH2I) r 2.45 (IH, dd, J = 12.3 and 5.4, ax. NCH2CH) , 1.38 
(3H, d, J = 6.5, PhCHCHa) , 1.18 (9H, s, (CH3)3C). 

Example 35 

25 (3R. 25. 3 ^T^ ■ nR) - 1 -•Ruf yl - 2 -hydrnyvpthyl - 3 - (N-allyl--of- 
methylbenzyl amino) -4-pfintpnoate (49) 

A solution of diisopropylamine (0.930 ml, 6.6 mmol) in 
anhydrous tetrahydrofuran (10 ml) was cooled to -7 8^C 

3 0 prior to the dropwise addition of 1 . 6M butyllithium (3.54 
ml, 5.7 mmol) via a syringe. The solution was warmed to 
0°C and stirred for 15 minutes. A solution of compound 
(26) from Example 11 (0.595g, 1.9 mmol) in 
tetrahydrofuran (20 .ml) was then added dropwise yia a 

35 • cannula and the solution was stirred at 0*^C for a further 
2 hours. The reaction mixture was then cooled to -78'='C 
and trimethyl borate (0.539 ml, 5.7 mmol) was added 
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dropwise via a syringe and the solution was stirred for 
15 minutes. Acetaldehyde (I.IO ml, 19.9 mmol) was then 
added and the solution was stirred' for 30 minutes before 
quenching the reaction with saturated aqueous ammonium 
5 • chloride solution. Ethyl acetate (50 ml) was added, 
followed by brine (10 ml) . The organic layer was 
separated, dried (magnesium sulphate) and filtered and 
the solvent was evaporated under reduced pressure to 
afford a yellow oil. This was purified by flash 
10 chromatography on silica gel [ethyl acetate/petroleum 

ether (1:9)] affording the title compound (49) (Rf 0.25) 
as a colourless oil (0.332g, 49%). and a mixture of the 
title compound and the second major diastereoisomer as a 
colourless oil (0.20g, 30%). 5h (300 MHz; CPCI3) 7.37- 
15 7.20 (5H, m, Ph) , 6.10 (IH, dt, J = 17.1 and 10.1, 

CH2=GHCH), 5.76 (IH, m, CH2CH=CH2) , 5.30 (IH, dd, J = 10.2 
and 1.7, iiis CH2CH=CH2) , 5.20 (IH, dd, J = 17.1 and 1.7, 
IlJSIia CH2CH=CH2) . 5..00 J2H,...^ 4.78 (IH, brs, 

OH), 4.21 (IH, q, = 6.8, PhCHCH3) , 4.10 (IH, dq, J = 8.5 
20 and 6.1, CH3CHOH) , 3.78 (IH, dd, J = 10.1 and 6.8, NCHCH) , 
.3.27 (IH, dd, J = 15.4 and 5.9, NCH2) / 3.13, (IH, dd, J = 
15.4 and 7.3, NCH2) , 2.86 (IH, dd, J = 8.5 and 6.8, 
CHCO2), 1.45 (9H, s, {CH3)3C), 1.36 (3H, d, J = 6.8, 
PhCHCHa), 1-19 (3H,. d, J = 6.1, CH3CHOH) . 
25 . 

Example 36 

f2S.4R. 5S.6R.aR) -2-EthvI-^- (of-merhyl b enzvl) >4-vjnv]-f;- 
methv] -1 . 3-oxazine-5-carbnyvlic Rr id t-butyl gstgr (sn) 

30 

Compound (49) from Example 35 (0.246g, 0.69 mmol) was 
treated with tris (triphenylphosphine) rhodium (I) chloride 
(0.032g, 0.034 mmol) in accordance with the procedure of 
Example 33. Flash chromatography of the product on 
35 silica gel [ethyl acetate/petroleum ether (1:19)] 

afforded the title romponnd (Rf 0.40) as a colour-less oil 
(0.182g, 74%).. 5h (300 MHz; CDCI3) 7.51-7.23 (5H, m, Ph) , 
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5.94 (IH,, ddd, J = 16.9,- 10,3 and 5.4, CH2=CHCH) , 5.36 
{IH, app.. dt. J = 16.9 and^2.1, trans CH2CH) , 5.20 '(IH, 
app. dt, J =10.3 and 2.1, £±2, CH2=CH) , 4.55 (IH, q, 
PhCHCHj), 4,39 (IH, app. t, J = 6.5, NCHO) , 3.87 (IH, app. 
5 tt, J = 5.8 and 1,9, CHs^CHCH) / 3.68 {IH, dq, J = 10.9 and 
5.9, CHCH3O), 2.00-1.89 (IH, m, CH2CH3) , 1.34 (9H, s, 
{CH3)3C), 1.30 (IH, m, J = 6.8', CH2CH3) , 1.13 (IH, dd, J = 
10.9 and 6.1, CHCOj) , 1.03 (3H, t, J = 7.4, CHCH2CH3) , 
0.89 (3H, d, J = 5.9, CHCH3O) . 

10 

Example' 37 

(2S.3R.fff;) -r.-ButYl 2-methyl'3 - (N - a llyl-g- 
methylbenzylamino) - 3 -phenylprppanoate ( 51 ),, ' 

15 

A solution of diisopropyl amine (0.691 ml, 4.93 mmol) in 
anhydrous tetrahydrofuran (10 ml) was cooled to -IB^C 
prior -to the dropwpLse addition of 1. 6M butyllithium- (2 .57 " 
ml, 4.11 mmol) via a syringe. The solution was warmed to 

20 0°C and then immediately recooled to -78^C, whereupon a 
solution of compound (8) from Example 2 (600 mg, 1.64 
mmol) in tetrahydrofuran (10 ml) was added dropwise via a 
cannula. Stirring was continued for 1 hour at -7B^C 
followed by the rapid injection of methyl iodide (0.512 

25 ml, 8.22 mmol). The reaction mixture was allowed to 
warm slowly to room temperature overnight (16 hours) 
after which the solvent was evaporated. The residue was 
partitioned between ethyl acetate (50 ml) and brine (25 
ml) and the organic layer was dried (magnesium sulphate) , 

30 filtered and evaporated to yield a yellow oil. This was 
purified by flash chromatography on silica gel [ethyl 
acetate/petroleum ether (1:49)] affording the title 
compound (51) in 94% diastereoisomeric excess (Rf 0.25) as 
a colourless oil (406 TTjg, 65%). 5h (300 MHz; CDCI3) 7.41- 

35 7.17 (lOH, m, Ph) , 5.93-5.79 (IH, m, NCH2CIi=CH2} , 5.11 

(IH, app. dd, J = 17.3 and 1.3, trans CH=CH2) , 5.08 (IH, 
app. dd, J = 10.1 and 1.1, £±^ CK=CH2) / 4.18 (IH, d, J = 
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11.4, PhCHCHj), 3.29 (IH, app. ddt, J = 14.7, 5.0 and 1.9, 
NCE2) , 3.19' (IH, dq, J = 11.4 and 6.9, CHCHCH3) , 3.10;(1H, 
dd, J = 14.7 and 8.0, NCH2) , 1-50 (9H, s, (CE2) 2^) * 0.94 
{3H, d, J = 6.7, PhCHCHa) , 0.90 (3H, d, J = 6.9, CHCHCH3) . 

5 

f 25 . 2R ■ \q . cfS) -t-Butvl 2 -hvdroxvethvl - 3 - (N-allvl -fY- 
methylben^ylaminb) -4-hexenoate (52) 
10 ' 

Compound (12) from Example 4 (0.2g, 0.61 mmole) was 
treated in accordance with the procedure of Example 35, 
using diisopropylamine (0.298 ml, 2.13 mmol) , 1.6M 
butyllithium (1.140 ml, 1.82 mmol),. trimethyl borate 

15 (0.207 ml, 1.82mmol) and acetaldehyde (0.340 ml, 6.08 
mmol) . Flash chromatography on silica gel [ethyl 
acetate/petroleum ether (1:9)] afforded the titl^ 
compound (52) . and. the second, major diastereoisomer , (Rf 
0.30) as a colourless oil (0.173g, 76%). 5h (500 MHz; 

20 CDCI3) 7.38-7.20 (5H, m, Ph) , 5.80-5.70 (2H, m, NCH2Cii=CH2 
and CH3CH=CH) , 5.60 (IH, dq, J = 15.3 and 6.3, CH3CH=CH) , 
5.00 (2H, m, NCH2CH=CH2) I 4.22 (IH, q, J = 6,8, PhCHCHa) , 
4.12 (IH, dq, J = 6.1 and 8.8, CH3C2OH) , 3.75 (IH, dd, J = 
10.0 and 6.3, NCHCH) , 3.25 (IH, dd, J = 15.4 and 6.0, 

25 NCH2) . 2.81 (IH, dd, J = 8.8 and 6.3, CH2CO2) , 1.74 (3H, 
dd, J = 6.3 and 1.4, CH3CH=CH) , 1.44 (9H, s, {CE2) 2C) , 
1.35 (3H, d, J = 6.7, PhCHCHs) , 1-18 (3H, d, J= 6.1, 
. CH3CHOH) , 

30 ExaniDlft ?9 

methyl benzyl amino) -5 -phenyl (^3) 

35 Compound (20) from Example 8 (0.250g, 0.64 mmol) was 

treated in accordance with the procedure of Example 35, 
using diisopropylamine (0.314 ml, 2.24 mmol), 1.6M 
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butyl lithium (1.20 ml, 1.'92 mmol) and ace t aldehyde {0.36 
ml, 6.40 mmol). Flash chromatography • on silica gel 
[ethyl acetate/petroleum ether (1:9)] afforded the tit If? 
compound (53) and the second -maj or diastereoisomer (R^ 
5 0.30) as a colourless oil (0.206g, 74%). 5h (300 MHz; 
CDCI3) 7.41-7.22 (lOH, m, Ph) , 6.49 (IH, d, J = 16.0, 
PhCH=CH) , 6.24 (IH, dd, J = 16'.0 and 9.4, PhCH^CflCH) , 
5.91-5.76 (IH, m, NCH2CH=CH2) , 5.18-5.02 (2H, m, 
NCH2CH=CH2) /■ 4.31 (IH, q, J'=: 6.8 and 1.5, PhCHCHa) , 4.19 
10 (IH, dg, J = 8.3 and 6.2, CH3CHOH) , 3.98 (IH, app. dt, J = 
7.2 and i. 9, NCHCH) , 3.34-319 (2H, m, NCa2CH=CH2) , 2. 98 
(IH, dd, J= 8.3 and 6.9, CH2CO2) , 1.44 (9H, s, ,(CH3)3C), 
1.42 (3H, d, J = 6.8, PhCHCHs) , 1.24 (3H, d, J = 6.2, 
CH3CHOH) . ' 

15 

Example 4Q 

'"^ (2S73S; OfS) -r-Butvl 3- (N-cinnamovl'-cy-m'fithvl hgnzviam?^ 
hydroxy- 3 -Phenyl nropionatfi f^4) 

20 

Compound (28) from Example 13 (0.200g, 0.44 mmol) was 
treated with N-iodosuccinimide (0.197g, 0.88 mol) using 
standard iodoetherif ication conditions. Flash 
chromatography of the product on silica gel [ethyl 

25 acetate/petroleum ether (1:9)] afforded the title 

.compound (54) (Rf 0.50) as a yellow oil (0.093g, 45%). 5h 
(200. MH2; CDCI3) 7.72 (IH, d, J = 16.0, CH=CHPhj , 7.57- 
7.22 (15H, m, Ph), 6.51 (IH, d, J = 16.0, PhCH^CH) , 5.45 
(IH, d, J = 4.9, CHCHOH), 4.25 (IH, d, J - 4.9, PhCHCH) , 

30 3.81 {IH, q, J = 6.5, PhCfiCHs) , 1.92 (IH, br s, OH), 1,34 
(3H, d, J = 6.5, PhCHCHa), 1.32 (9H, s, (CHajaC). The 
corresponding 3- (a-methylbenzylamino) derivative (Rf 
0.25) was also recovered as a colourless oil (0.045g, 
30%). 6H (200 MHz; CDCI3) 7.48-7.14 (lOH, m, Ph),.4.50 

35 (IH, d, J = 3.8, CHCHOH), 4.09 (IH, d, J = 3.8, PhCHCH), 
3.76 (IH, q, J = 6.6, PhCflCHa) , 1.38 {3H, d, J = 6:6, 
PhCHCHs) I 1-31 (9H, s, {Ca3)3C). 
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CLAIMS 

1. Compounds of general formula (I) 




( I ) 



10 (wherein R represents a carbocyclic aryl group, Ri 

represents an organic group, R^ 'represents a hydrogen atom 
or an organic group, and the asterisk denotes that the 
group R^ is predoitiinantly in the R--or S- configuration 
. such that the compound is in substantially 

15 enantiomerically pure fonn) . 

2. Compounds as claimed in claim 1 comprising at least 
-95% of a single enantiomer, 

20 3. Compounds as claimed in claim 1 or claim 2 wherein R 
represents phenyl or naphthyl optionally sxibstituted by 
one or more of halo, hydroxy, lower alkoxy, lower 
alkylthio, lower a Iky 1 sulphonyl, amino, substituted 
amino, carboxy, cyano, lower alkoxycarbonyl, 

25 carbamoyloxy, sulphamoyl and sulphoxy. 

4, Compounds as claimed in claim 3 wherein R is 
selected from phenyl and 3 , 4-dimethoxyphenyl . 

3 0 5. Compounds as claimed in any of the preceding claims 
wherein R^ is selected from optionally substituted C^.io 
alkyl, C2.10 alkenyl, C3.10 cycloalkyl, Cj.^o cycloalkyl-C^.^ 
alkyl and C6.12 aryl-Ci.4 alkyl- groups-. 

35 6. * Compounds as claimed in claim 5 wherein R^ represents 
a methyl group. 
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7. Compounds as claimed in any of the preceding claims 
wherein represents a C^.^o alJ^yl. C2-10 alkenyl or C6.20 
carbocyclic aryl group or a heterocyclic group. 

5 8. . Compounds as claimed in any of claims 1 to 6 wherein 
R2 represents' a hydrogen atom or a phenyl group. 

9. The lithium amides of (S) -N-allyl-o£- 
methylbenzylamine; (S) - {E, E) -N-hexa-2, 4-dienyl-a- 

10 methylbenzylamine; and (S) -N-cinnamyl.-a- 
methylbenzylamine . 

10. Solutions of compounds as claimed m any of the 
previous claims. 

15 

11. A process for the preparation of a compound of 
general formula (I) as defined in claim 1 which comprises 
reacting a' compound' of general formula (V) 



20 




( V) 



25 (where R, R^, R^ and the meaning of the asterisk are as 
defined in claim 1) with a lithium alkyl. 

12. Use of a compound of general formula (I) as defined 
in any of claims 1 to 10 in stereoselective syntheses. 

30 

13 . Use as claimed in claim 12 wherein the compound of 
general formula (I) undergoes stereoselective Michael 
addition to an of , p-unsaturated carboxylic acid 
derivative. 

35 

14. Use as claimed in claim 12 wherein the product- of 
the Michael addition is subjected to cleavage of the 



SUBSTITUTE SHEET (RULE 26) 



wo 95/18134 



PCT/GB94/02827 



" 44 - 

allylic N-substituent . CH: CH. CHj- and cyclisation to 
form a p-lactam. ' 
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